Abstract: Spine surgery remains one of the most common procedures for patients with a wide variety of spine disorders. Postoperative pain after major spine surgery is moderate to severe. We retrospectively reviewed 245 medical records of adult patients undergoing major spine surgery who received either patient-controlled epidural analgesia based on local anesthetics and opioids or patient-controlled intravenous analgesia as postoperative pain management. Several outcomes were analyzed including pain intensity, opioid consumption, time to endotracheal extubation, the incidence of deep venous thrombosis, and length of stay in the hospital. We found that the use of patient-controlled epidural analgesia provided better postoperative analgesia [median (quartiles) verbal analog scale score of 4 (3, 5) vs. 5 (3, 6)] and decreased the amount of opioid consumption postoperatively [median of 0 mg (0, 3) vs. 35 mg (0, 150)] compared with patient-controlled intravenous analgesia. Also, a substantially higher number of patients in the patientcontrolled intravenous group required opioids as rescue analgesia. Incidences of deep venous thrombosis, operating room extubation, and length of stay in the hospital were not associated with the analgesic technique. The results of this study suggest that the use of neuroaxial analgesia for the management of postoperative pain associated with major spine surgery may have some beneficial properties over intravenous analgesia. The use of a reduced amount of opioids by patients with epidural analgesia may be relevant because of potential fewer side effects mainly in elderly patients. Several limitations related to the retrospective nature of the study are described. Prospective randomized-controlled trials are needed to understand and elucidate the optimum regimen of postoperative pain management after major spine surgery.
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S
pine surgery is the method of choice when treating a wide variety of disorders that involve the spinal cord and osseous and nonosseous elements of the spinal column. Such surgeries may include minimally invasive procedures that produce no major postoperative discomfort or more extensive instrumented or noninstrumented surgeries that cause moderate to severe postoperative pain. 1, 2 There is still controversy about the ''ideal'' regimen to prevent and treat pain associated with spine surgery. Currently, the intermittent intravenous administration of analgesics and patient-controlled analgesia remain as the more common techniques used to treat postoperative spine pain. The administration of systemic opioids alone to treat postoperative pain is associated with several adverse effects, such as nausea and vomiting, ileus, pruritus, sedation, and respiratory depression. Therefore, multimodal analgesia based on different analgesia techniques and nonopioid analgesic drugs is the current recommended practice in the treatment of postoperative pain. [2] [3] [4] [5] On the other hand, despite the complications of the use of the neuraxial anesthetics like respiratory depression, pruritus, and hypotension, the neuraxial analgesic techniques have proven to be safe and reliable. [6] [7] [8] Epidural infusion of opioids decreases the consumption of systemic analgesia during the postoperative period and thus reduces opioid-related side effects. Moreover, 2 studies from Van Boerum et al and Lowry et al showed better tolerance to diet, earlier hospital discharge, low pain scores, and minimal complication with the use of epidural analgesia for pain after scoliosis surgery. 9, 10 As these 2 studies included only adolescent patients who underwent anterior and posterior spinal fusion scoliosis, we decided to conduct a retrospective study focused on an older population of patients undergoing only complicated posterior spinal surgery.
This retrospective study seeks to evaluate the association between the use of patient-controlled epidural analgesia (as opposed to intravenous) and several postoperative outcomes such as verbal analog scale (VAS) pain scores, postoperative opioid consumption (mg morphine equivalent), extubation in the operating room (OR), occurrence of deep vein thrombosis (DVT), and hospital length of stay (LOS). of 245 consecutive spinal procedures were reviewed. Only procedures performed in patients aged 18 years or older were recorded. The following operative procedures were included: laminectomies with and without instrumentation and fusion, reduction and fusion of spondylolisthesis, posterior thoracic and lumbar fusion, vertebral osteotomies, and surgical reexploration of any of these procedures.
All surgical procedures were performed under general balanced anesthesia. Induction of anesthesia was composed of fentanyl, propofol, and succinylcholine, as well as rocuronium or vecuronium to provide neuromuscular blockade for endotracheal intubation. Anesthesia was maintained with a volatile agent with or without nitrous oxide in oxygen. Intraoperative analgesia was provided with either boluses of fentanyl or remifentanil infusion. The patients who were extubated in the OR received a glycopyrrolate and neostigmine for muscle reversal immediately after skin closure. In those patients extubated in the OR, a sensory-motor neurologic examination was performed in the OR by a member of the neurosurgical and anesthesia team. If the patients were kept intubated, a neurologic examination was conducted upon arrival to the postanesthesia care unit (PACU) before starting any sedation and also at regular intervals while they were still on ventilatory support.
Approximately half the patients received postoperative patient-controlled epidural analgesia (PCEA). In these patients, an epidural catheter was placed by the surgeon under direct visualization with a length of insertion that varied from 4 to 6 cm. All these patients received a basal infusion of analgesics consisting of a local anesthetic and an opioid that was initiated immediately after arrival to the PACU. Owing to the uncontrolled nature of the study different epidurals were used. The 3 most common solutions consisted of bupivacaine 0.0625% or 0.1% plus fentanyl 2 or 5 mcg/mL or plus morphine 0.05 mcg/mL. Those patients extubated in the OR were instructed to use the PCEA immediately after arrival to the PACU and in those who remained intubated, a basal infusion was maintained constant. Once extubated, they were instructed about the use of the PCEA. The patients included in the intravenous patientcontrolled analgesia (IVPCA) group received a basal infusion of an opioid. Also, due to the uncontrolled nature of the study one of at least 3 intravenous solutions were used. These solutions consisted of fentanyl 20 mcg/ mL, morphine 2 mg/mL, or hydromorphone 0.5 mg/mL. One of these solutions was initiated immediately after arrival to the PACU and if extubated in the OR, they were instructed to used the IVPCA. In those who remained intubated, a basal infusion was maintained constant. Once extubated, they were instructed about the use of the IVPCA. Both analgesic techniques were maintained during regular nursing admission for a length of 48 hours and were discontinued according to the analgesic efficacy and the presence of side effects. All patients in either group had the same rescue analgesic regimen during their PACU stay which consisted of clinician bolus doses of fentanyl, morphine, or hydromorphone. Those patients with history of preoperative chronic opioid use received the same medications after oral intake was restored. Transdermal fentanyl patches were not removed during the surgery and were appropriately replaced according to the patient's preoperative regimen. No adjuvant analgesics had been used.
The postoperative pain intensity in each patient was obtained from nursing charts that included VAS (0 = no pain, 10 = worse imaginable pain). 11 The median VAS pain score during the first 48 hours after surgery was recorded and used for statistical analysis. The amount of opioids consumed by each patient during the first 48 hours after surgery was recorded from nursing charts and the total morphine-equivalent dose was calculated and used for statistical analysis. In the calculation, we only included the extra amount of opioid received by the patients as rescue analgesic doses to supplement the analgesic effect of either the PCEA or IVPCA.
Deep venous thrombosis was defined as a positive venous ultrasound in either upper or lower extremity. The duration of hospitalization was evaluated from patient records and charts.
Statistical Analysis
Our exposure of interest was the technique for patient-controlled anesthesia (''pain control group''), either PCEA or IVPCA. We evaluated the association between this pain control factor and several outcomes of interest after adjusting for all relevant available covariables. Univariable association between the pain control group and baseline covariables (to identify confounding variables) as well as between the pain control group and the outcomes of interest was assessed using Pearson w 2 test for categorical factors, Student t test for normally distributed variables, and Wilcoxon rank sum test for non-normally distributed or ordinal variables. Multivariable association between pain control group and VAS pain score was assessed using multivariable linear regression, whereas multivariable association between the pain control group and dichotomous outcomes of any opioid use and OR extubation was performed with logistic regression. Logistic regression results are expressed as odds ratio [95% confidence interval (CI)], indicating the relative odds of having the outcome of interest in those receiving PCEA versus IVPCA. Finally, hospital LOS was modeled as a time-to-event response using Cox proportional hazards regression.
All models were developed with a significance level of 0.05 for main effects and 0.10 for interactions. Bonferroni adjustment to the significance criterion was made for multiple comparisons within a factor. With the available sample size of N = 134 PCEA and 111 IVPCA patients, we had 90% power at the 0.05 significance level to detect odds ratios of 3.0 or more, and differences of 0.83 or more between groups on mean pain VAS, assuming SD of 2. SAS software (Cary, NC) and R 2.3.1 (R Project for Statistical Computing) were used for all analyses.
RESULTS
One hundred thirty-four patients received PCEA whereas 111 received IVPCA. As shown in Table 1 , statistically significant differences in the frequency of reoperations, in the frequency of treatment for chronic pain, and in the distribution of the number of levels instrumented were observed between the treatment groups. Eight different combinations of epidural solutions and 3 different solutions of opioids were used in this study.
VAS Pain Score
As shown in Table 1 , the VAS pain score during the first 48 hours for patients in the PCEA group was less than for the IVPCA group, with median [quartiles] of 4 [3, 5] and 5 [3, 6] , respectively (P<0.001). In a multivariable linear regression model, the relationship between the pain control group and VAS pain score depended on age (interaction P value 0.047 for continuous age) after adjusting for chronic condition, reoperation, and number of levels instrumented. In patients less than 63 years of age, the median age, VAS pain was lower in PCEA versus IVPCA, with a mean difference (95% CI) of À 1.2 ( À 2.0, À 0.5), P = 0.001; there was no significant association for those aged 63 and older, with estimated mean difference (95% CI) of 0.3 ( À 0.5, 1.1), P = 0.35.
Opioid Use
Eighty-two of the 111 patients in the IVPCA group (74%) received opioids, whereas 28 (25%) received no opioids (1 patient had a missing value) during the postoperative period included in the analysis. For the PCEA group, 52 patients (39%) received opioids, whereas 82 (61%) did not. Univariable analysis showed a significantly lower consumption of morphine equivalent for patients in the PCEA group (median [quartiles] 0 mg [0,3]) compared with the morphine equivalents received for the patients in the IVPCA group (35 mg [0,150]) (P<0.001). In a multivariable model, after adjusting for age, chronic condition, reoperation, and number of levels instrumented, patients in the PCEA group were an estimated 80% less likely to receive any opioids, with odds ratio (95% CI) of 0.2 (0.1, 0.4), statistically significant at P<0.001 (Table 2 ).
Extubation in the PACU
Seventy-nine of the 111 patients in the IVPCA group (71%), and 106 out of 134 patients in the PCEA group (79%), were extubated in the OR. No association between the pain control group and OR extubation was found in a multivariable analysis (P = 0.90) adjusting for American Society of Anesthesiologists (ASA) status, chronic condition, reoperation, and number of levels instrumented, with an estimated odds ratio (95% CI) of 1.0 (0.5, 2.0) of being extubated in the PACU for those in the PCEA group versus IVPCA ( Table 2 ).
Occurrence of DVT
Overall, 8 out of the 245 patients in the study had an occurrence of DVT. No statistical difference was detected between the groups (Table 1) .
Hospital LOS
Complete data on hospital LOS was available for every patient in the study; no censoring of the response occurred. Median [quartiles] LOS (in days) for patients receiving IVPCA was 4 [3, 6] as compared with 4 [3, 5] for PCEA, which was not significant at P = 0.48. Further, no association was detected in a multivariable Cox regression model between LOS as the time-to-event response and the pain control group (P = 0.52), adjusting for sex, age, ASA status, reoperation, and number of levels instrumented.
DISCUSSION
The present retrospective study demonstrates 2 main results. First, the patients treated with PCEA had lower postoperative pain scores than those treated with IVPCA. A multivariable analysis showed this finding to be dependent on patient age-and truer for younger patients. Second, the use of PCEA reduced the amount of opioids used postoperatively.
The literature shows that epidural analgesia causes better pain control than either intravenous or intramuscular administration of analgesics. [12] [13] [14] In a prospective study, Joshi et al 15 demonstrated that epidural analgesia provided better pain control than intravenous analgesia in patients undergoing laminectomies. These results support our findings; however, both studies are difficult to compare because Joshi's study only included patients with laminectomies and only used fentanyl in the epidural infusion. In a similar report, the use of epidural analgesia provided good postoperative pain control in 64% of the patients who had spinal fusion surgeries. 16 Epidural infusions of different combinations of a local anesthetic and an opioid seem to be more effective than the use of either drug alone. 17 In a small retrospective study, Kumar et al 18 showed that the use of different combinations of local anesthetics and opioids also provided acceptable postoperative pain control in patients who underwent major spine surgery. Because a variety of combinations of epidural infusions were used in relatively small numbers of patients, it was not possible to undertake a comparative analysis between them.
The second major finding of the present work was that the use of epidural analgesia reduced the consumption of opioids and systemic opioid-related adverse effects compared with IVPCA, something that has been demonstrated by previous studies and is particularly important for elderly patients who have a higher risk of side effects like, increased level of drowsiness and respiratory depression. 2, 19, 20 The use of epidural infusions of local anesthetics may affect the immediate postoperative neurologic examination which is of major importance after spine surgery. 21 The goal of the examination is to detect early signs of neurologic damage caused by intraoperative surgical trauma leading to transient or permanent neurologic deficit. In the present study, we did not find any patient to have sensory-motor neurologic deficit after surgery in either the epidural or intravenous controlled analgesia groups; however, we did not include in the analysis long-term neurologic examinations after the epidural infusion was stopped. It also is important to remark that the epidural infusion of analgesic was started only after confirming a grossly normal neurologic examination. Also we used a low concentration of local anesthetics to insure the ability of motor and sensory evaluation.
In the present study, the use of epidural analgesia did not affect the LOS in the hospital compared with the IVPCA group. This is in distinct contrast to the results presented by Van Boerum et al 10 who found that the patients with scoliosis surgery treated with epidural analgesia had an average discharge 0.5 days shorter than the IVPCA group. Two major differences separate our study from Van Boerum's work. First, our study included several types of spine surgery and second, ours involved a larger number of patients. On the other hand, our findings are supported by several other studies that also found that patients receiving epidural analgesia had similar discharge times from the hospital than those patients treated with IVPCA; however, these previous studies were performed on a different surgical population of patients. [22] [23] [24] The low incidence of deep venous thrombosis in our study is likely due to the retrospective analysis and the nonsystematic performance of diagnostic studies in all patients. Therefore, it may have existed as an underestimation of the actual incidence of deep venous thrombosis.
Our study has several limitations. First, as this was a nonrandomized, retrospective study, the potential exists for different factors to confound the effects of pain control methods on the various outcomes. Therefore, noncontrolled variables may contribute to significant bias and confounding. Second, the patients were not previously instructed to rate their pain intensity, therefore, the evaluation of the pain score may be influenced by several factors such as patient's sedation and quality of teaching about the score system by the healthcare team. Third, the lack of definition for several of the studied outcomes may have influenced the actual frequency and further statistical analysis of each of them. And fourth, the uncontrolled nature of the study did not allow us to compare the effect of epidural solutions of only opioids versus the effect of intravenous opioids. This is important because the analgesic effect of local anesthetics is based on a different mechanism of action. The other limitation is the discrepancy between postoperative pain management after redo procedures. Forty patients with the redo procedures had an epidural analgesia whereas 58 patients with the redo procedure received IVPCA. The reason for that discrepancy was due to the presence of adhesions or occurrence of a dura tear during the procedure, which precludes the insertion of an epidural catheter.
In conclusion, younger patients receiving PCEA had a lower median VAS pain score than patients receiving IVPCA, after adjusting for the relevant covariables. The occurrence of opioid use was significantly higher among patients in the IVPCA group than among patients in the PCEA group. A prospective randomized study is needed to investigate the association between pain control method and several clinical outcomes.
